A temperature-sensitive mutant was isolated that conditionally affected the vegetative growth phase of the asexual developmental cycle of Neurospora crassa. The formation of aerial hyphae, conidiation and the initial steps of conidial germination were not temperaturesensitive in this strain. However, germ tube elongation was blocked at the restrictive temperature. The growth rate of the vegetative hyphae was greatly reduced and their morphology was altered when the hyphae grew on the surface of agar medium at 34 O C . These properties were not temperature-sensitive when the hyphae grew within the agar medium. In liquid medium, vegetative growth was temperature-sensitive when low concentrations of conidia (less than lo4 ml-I) were used to inoculate the cultures. After a prolonged incubation at 34 O C , the cells died. The requirement for high cell densities for survival and growth in liquid medium at 34 O C could be overcome by adding histidine to the medium, but on agar medium containing histidine, the mutant strain still grew colonially at 34 OC. In addition to these temperature-sensitive properties, the mutant strain expressed a very strong circadian conidiation rhythm when grown on agar medium at 22 "C. The temperature-sensitive growth properties of the mutant strain and its ability to conidiate rhythmically reverted simultaneously to the wild-type phenotype. In forced heterokaryons, the mutant allele was recessive to the wild-type allele. The mutant allele was mapped on the right arm of linkage group IV.
Foundation, Arcata, California). The remaining strains were either isolated or constructed in our laboratory, with the exception of scin which was a gift from D. Perkins.
M E T H O D S
Strains. The mutant strains of Neurospora crassa used in this study are shown in Table 1 . Media and growth conditions. The standard minimal medium contained salts (Vogel, 1964) and 2% (w/v) glucose. Solid medium was prepared by adding 2% (w/v) agar. Inositol (10 pg ml-l), arginine (100 pg ml-l), nicotinic acid (20 pg ml-l), pantothenic acid (20 pg ml-I), uracil (100 pg mi-'), pyridoxal (20 pg ml-l), yeast extract (10 mg m1-I) and Casamino acids (10 mg ml-I) were added when needed to supplement the growth of mutant strains.
Maltose medium contained salts (Vogel, 1964) , 2% (w/v) agar, 0.5 % (w/v) maltose and arginine (100 pg m1-l) except when indicated (Sargent & Kaltenborn, 1972) . Sorbose medium contained salts (Vogel, 1964) , 2% (w/v) agar, 0.8 % (w/v) glucose, 8 % (w/v) sorbose and nicotinic acid (20 pg ml-I).
Conidia were obtained from agar slant tube cultures (18 x 150 mm) containing 6 ml of appropriately supplemented glucose minimal medium. The cultures were incubated for 7 to 10 d at 21 OC and the conidia were harvested with a sterile loop.
Liquid cultures for growth rate determinations contained 50 ml of minimal medium in 125 ml Erlenmeyer flasks. These cultures were incubated on a rotatory shaker at 125 rev. min-'. Conidial inocula were prepared by suspending freshly harvested conidia in sterile water, and the conidial concentration was determined with a haemocytometer. Sheared mycelial inocula were prepared in a sterile Waring blender. The mycelia were sheared in three 1 min bursts at the fastest blending speed. The liquid shake cultures were harvested by filtration on preweighed membrane filters (EHWP04700, Millipore). The dry weight was determined after the harvested material had been dried overnight at 90 OC.
Both growth tubes (1-6 x 22 cm) and large Petri plates (1.5 x 15 cm) were used to study the circadian conidiation rhythm. The growth tubes (Ryan et al., 1943) contained 3 ml of maltose agar medium with arginine. Other nutrients were added when needed. The Petri plates contained 50 ml of this medium. For some experiments, the agar medium in the Petri plates was covered with sterile dialysis membrane (7.6 cm flat width, Will Scientific) (Brody & Harris, 1973) . The growth tubes were inoculated with a disc of mycelia that had been cut with a sterile, no. 4 cork borer from the surface of a culture growing on dialysis membrane. This procedure eliminated the variable lag period that was sometimes observed when the growth tubes were inoculated with conidia or mycelial fragments from the temperature-sensitive strain. After either 6 or 18 h exposure to laboratory fluorescent light, the growth tubes were incubated in total darkness at 21 OC. The cultures were examined and the growth front was marked under a red photography safe-light. The time when the centre of each successive conidiation band formed was calculated (Feldman & Hoyle, 1973) . The Petri plates were inoculated either in the centre or near the edge of the plate with a 1 mm ball of mycelia. The cultures were incubated in the dark at 34 OC or 21 OC.
Isolation of the temperature-sensitive mutant strain using an expression cycle. Conidia from 8 d old slant tube cultures of the scin double mutant were suspended in sterile water and filtered through glass wool to remove mycelial fragments. The conidia were concentrated on sterile filters and washed with 20 ml sterile 0.1 M-potassium phosphate buffer pH 6.0. The conidia were then suspended in this buffer at a final concentration of lo7 conidia ml-l, sterile N-methyl-N'-nitro-N-nitrosoguanidine (NG; 15 pg ml-l) was added, and the suspension was incubated for 4 h at 21 "C. About 30% of the conidia were killed. The treated conidia were plated (lo6 per plate) on minimal glucose medium containing inositol, and then incubated for 7 d at 2 1 OC to allow conidia to form. This step was included as an expression cycle to allow the dilution of the normal components in the mutagen-treated conidia and the synthesis and packaging of defective components into the conidia before enriching for those unable to grow at the restrictive temperature. Conidia were harvested from the plates in sterile water, concentrated on a filter and washed with sterile water. The washed conidia were plated ( lo6 per plate) on minimal glucose medium and were incubated without inositol for 3 d at 34 OC. About 1 in lo4 conidia survived inositol starvation (Lester & Gross, 1959) . Inositol was then added to the plates and they were incubated at 21 OC for 24 h to allow temperature-sensitive strains to germinate. The plates were then transferred to 34 "C, and the colonies that appeared were replica-plated with sterile velvet to plates containing glucose minimal medium supplemented with inositol. The replica-plates were incubated at 34 OC. Those colonies that had produced conidia at 34 "C but could not germinate at 34 OC were picked and grown on slant tube cultures. One of these mutant strains, the K3 isolate, is the subject of this paper.
Genetic crosses nnd heterokaryons. Crosses were made in slant tube cultures (18 x 150 mm) containing 6 ml of Westergaard & Mitchell (1947) medium with 2% (w/v) glucose, 1.5 % (w/v) agar and appropriate nutritional supplements. Mature ascospores were picked at random and germination was induced by heat shock (Davis & DeSerres, 1970) .
Forced heterokaryons were constructed by mixing two strains of the same mating type but with different nutritional requirements on minimal medium in slant tube cultures (Davis & DeSerres, 1970) .
Isolation of revertants. Revertants were isolated based on the loss of temperature-sensitive phenotype. Conidia from the moe-3 mutant were treated with NG (15 kg ml-' in 0.1 M-potassium phosphate buffer pH 6.8)for 3.5 h at 21 "C. These conidia were plated (2 x lo6 per plate) on the surface of dialysis membrane in 15 cm Petri plates containing minimal glucose medium supplemented with nicotinic acid. After 2 d at 34 OC about four fast-growing patches of mycelia appeared per plate. The revertants were picked from the plates and grown on agar slants. They were vegetatively purified three times by isolating individual colonies that grew at 34 OC on plates containing sorbose medium.
R E S U L T S
Isolation of the moe-3 mutant The original mutant was isolated after treating conidia from the scin double mutant with NG. The NG-treated conidia were not used directly but were plated on glucose minimal medium and grown until new conidia had formed. This expression cycle was included to allow the dilution of normal components that are present in mutated conidia, which otherwise would have masked the expression of the mutants. The temperature-sensitive mutant strain was isolated from these conidia as described in the Methods and was back-crossed to the wild-type strain, RL3-8A. The temperature-sensitive progeny of this cross were crossed again to either RL3-8A or to other albino and auxotrophic strains ( Table 1) . The temperature-sensitive strains that were obtained from the second back-cross were used to determine the effect of this mutation on the vegetative growth, conidial germination and conidiation phases of the asexual developmental cycle of N . crassa. The mutant strain has been designated moe-3 for morphological environment sensitive.
Eflect of temperature on vegetative growth and mycelial morphology
On agar medium at 21 OC the moe-3 strain expressed a very strong conidiation rhythm when the cultures were grown in the dark (Fig. l a ) . The radial growth rate of the mutant strain on agar medium at 21 O C was less than that of the control ( Table 2 ). The reduced growth rate at 21 OC could be the result of the expression of the conidiation rhythm because the bd strain, which conidiates rhythmically, also grew more slowly than strains with the wild-type allele at 2 1 O C ( Table 2) .
Growth of the moe-3 strain on agar medium at 34 OC was not defective unless the mycelia were forced to grow on the surface of the medium ( Fig. 1 b, c ; Table 2 ). The mutant strain grew faster on agar medium at 34 OC than at 21 OC (Table 2, no dialysis membrane), and the were incubated at 34 O C for 2 d. The surface of the plate (c) was covered with a layer of dialysis membrane and the inoculum was placed on the surface of the membrane. Table 2 . Effect of temperature on hyphat growth rates on agar medium Petri plates (150 mm) were prepared with minimal glucose agar medium plus inositol, with and without dialysis membrane. The cultures were inoculated at the centre of each plate with a 1 mm ball of conidia and mycelia and incubated at 21 or 34 "C. The hyphal growth rate was determined by measuring the radius of the mycelial mat after 24 h. 
mycelial morphology was similar to the wild-type (Fig. lb) . However, most of the growth occurred within the agar rather than on its surface. When the hyphae were forced to grow on the surface of the medium by overlaying the agar with dialysis membrane, the hyphae grew very slowly ( Table 2 ). The mycelial morphology was altered and it formed a compact mass (Fig. lc) . The presence of dialysis membrane did not reduce the growth rate of the moe-3 strain at 21 OC ( Table 2) . If a hole was put into the dialysis membrane, the hyphae of the moe-3 mutant penetrated into the underlying agar medium and grew faster at 34 O C than at 21 OC. The hyphae that grew within the agar had wild-type morphology while those remaining on the surface of the dialysis membrane continued to grow as a compact colony. If a second layer of dialysis membrane was placed over a slowly growing colony on the first layer of dialysis membrane, the hyphae grew rapidly between the two layers of dialysis membrane at 34 OC. Occasionally, normal hyphae grew from the upper surface of the slowly growing colony. If these aerial hyphae bent down and established contact with the surface of the dialysis membrane at some distance from the original colony, their morphology became abnormal at the point of contact. Thus, on agar medium, the growth and morphology of vegetative hyphae of the moe-3 strain were temperature-sensitive when growth occurred on the surface of the medium but not when the hyphae grew within the agar medium.
In liquid medium, vegetative growth of the moe-3 mutant was temperature-sensitive only when low concentrations of conidia or sheared mycelia were used as inocula (Fig. 2) . When the cultures were inoculated with high concentrations of either conidia (0.12 mg ml-l) or sheared mycelia (0.18 mg ml-l) the moe-3 mutant grew faster at 34 "C than at 22 OC (Fig.  2) . When the cultures were inoculated with low concentrations of conidia (1.6 pg ml-l), essentially no growth occurred at 34 O C (Fig. 2a) . When low concentrations of sheared mycelia (1.2 Fg ml-l) were used as inoculum, the cultures grew at 34 OC, but more slowly than at 22 O C (Fig. 2b) . Thus, the mutation in the moe-3 strain affected growth initiated with both conidial and mycelial inocula at 34 OC but only when low concentrations of inocula were used.
Effect of temperature on conidial germination Conidial germination, defined as the production of a germ tube half the diameter of the conidium from which it grew, was not temperature-sensitive in the moe-3 mutant. Conidia from both the moe-3 mutant and the wild-type strain, 74-OR23-1A, produced germ tubes at the same rate on agar medium at 34 "C (Fig. 3) . However, germ tubes from the moe-3 mutant did not continue to elongate: they stopped growing when they were 1 to 10 times the diameter of the conidium from which they grew. Thus, the temperature-sensitive defect in the moe-3 (0) . A drop of conidial suspension ( lo6 ml-l) of both strains was placed on the surface of dialysis membrane overlying minimal glucose agar medium supplemented with inositol. The plates were incubated at 34 O C , and at intervals the percentage of the conidia that had germ tubes at least half the diameter of the conidium from which they grew was determined with a light microscope. Standing liquid cultures containing 1 ml of minimal glucose medium plus-inositol were inoculated with an average of 10 conidia each from the temperature-sensitive strain, moe-.? inl. At each time indicated, five 1 ml cultures were transferred from the first to the second temperature. After 7 d at the second temperature, the number of cultures with visible growth was recorded. EfSect of temperature shijh on growth Conidia from the moe-3 mutant were unable to grow when the incubation temperature was reduced from 34 "C to 22 "C after 8 h ( Table 3) . After 4 h at 34 "C, some of the conidia could grow when the temperature was reduced to 22 O C . In these experiments the cultures were inoculated with an average of 10 conidia per ml of glucose minimal medium. A separate experiment showed that, in standing liquid cultures, conidial concentrations of about 1 O4 conidia ml-l were required to overcome the temperature-sensitive defect in the moe-3 mutant.
Thus, the temperature-sensitive mutation in the moe-3 mutant was lethal at 34 OC if the conidial concentration was low.
Standing liquid cultures which had been inoculated with 10 conidia ml-1 could grow at 34 O C if first incubated at 22 OC for 26 h ( Table 3) . None of the cultures that had been incubated at 22 OC for 12 h grew when transferred to 34 "C. A considerable amount of growth occurred by 26 h at 22 OC (Fig. 2) . Since the temperature-sensitive phenotype of the Developmental mutant of N. crassa moe-3 mutant is dependent on low concentrations of inoculum, possibly enough growth had occurred after 26 h at 22 OC to allow continued growth after a shift to 34 OC.
Eflect of nutritional supplements on growth
In an earlier study with this mutant strain, Charlang & Williams (1977) found that at 30 OC the growth rate of the moe-3 mutant was enhanced by adding iron-chelating agents, such as siderophores, to the culture medium. However, at 34 OC, the growth of the moe-3 mutant was still defective even when siderophores were present in the medium. They also found that histidine improved growth at 30 * C (G. Charlang, personal communication).
Histidine was the only amino acid tested that promoted the growth of the moe-3 mutant at 34 OC in liquid medium (Table 4) . Cultures supplemented with other amino acids, hydrolysed casein, yeast extract, sodium bicarbonate or Tween 40 did not grow at 34 OC when inoculated with an average of 30 conidia ml-1 (Table 4) . Growth in an atmosphere of 5 % (v/v) CO, was also still defective at 34 OC (Table 4) . Both hydrolysed casein and yeast extract contained sufficient histidine to support the growth of histidine auxotrophs but apparently not enough to support the growth of the moe-3 strain.
However, histidine did not improve growth of the moe-3 mutant on dialysis membrane. The mutant strain still grew colonially at 34 O C on dialysis membrane on agar plates supplemented with 100 pg histidine ml-l. Also, in the 1 ml standing cultures supplemented with histidine (Table 4) , the mycelia grew vigorously in the lower part of the tube but did not grow in the upper 3 mm of the medium. The mycelia had normal morphology in the bottom of the culture tube but were abnormal at the point where growth was arrested. Thus, only the dependence of the moe-3 mutant on low concentrations of inoculum could be overcome by his tidine.
In addition to the supplements listed in Table 4 , we also tested the effects of used growth media and concentrated hot-water extracts of conidia and mycelia from both moe-3 and wild-type strains on the growth of moe-3 conidia at 34 O C . Some batches of used media and hot-water extracts promoted the growth of moe-3 at 34 O C , while others had no effect. Varying the growth and extraction conditions did not improve their effectiveness. Extracts of conidia and mycelia and growth media from moe-3 cultures were no more effective than those from wild-type strains. One possibility is that the used media and water extracts contained variable amounts of siderophores and histidine and that these substances promoted growth at 34 OC. Another possibility is that a volatile substance that was produced by growing cells might be involved in promoting the growth of the moe-3 mutant at 34 "C. A volatile substance could easily be lost during the preparation of the extracts and the used growth media. If a volatile substance was responsible for promoting growth of the moe-3 mutant at 34 OC, it was not CO, ( Table 4) . Table 5 . Eflect of light on the phase of the conidiation rhythms of moe-3 and bd strains Growth tube cultures were placed in the dark after exposure to laboratory fluorescent light for either 6 or 18 h. The cultures were examined under a red safe-light which did not affect the circadian rhythm. Five or six bands of conidiating mycelia were formed in each growth tube. The time when the centre of each band of conidiating mycelia formed was determined as described by Feldman & Hoyle (1973) . Each result recorded is the average time after the cultures were inoculated when that particular band was formed in five or six different race tubes. The period length was calculated from the average number of hours between the centres of successive bands, and the range is the standard error. Eflect of temperature on conidiation The conidiation phase of the asexual cycle was not temperature-sensitive in the moe-3 mutant. Aerial hyphae and conidia with normal morphology were produced on glucose minimal medium in slant tube cultures that were incubated at 34 O C . These cultures grew at 34 O C because mycelial growth was not temperature-sensitive when the hyphae grew within the agar medium (Fig. 1) . The germination of the conidia produced at 34 OC was indistinguishable from that of conidia produced at 22 OC. When cultures of the mutant strain were grown on dialysis membrane for more than 4 d at 34 OC, normal aerial hyphae and conidia grew from the centre of the colonies. In standing liquid cultures supplemented with histidine, mycelial growth was usually arrested about 3 mm from the liquid-air interface; however, if the mycelia managed to break through the surface of the liquid into the air, abundant amounts of aerial hyphae and conidia were produced at 34 OC.
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Period
Expression of the circadian conidiation rhythm
All strains containing the temperature-sensitive allele conidiated rhythmically when they were grown in the dark on agar medium at 21 O C (Fig. 1 a) . The rhythmic conidiation persisted for 6 d in growth tube cultures (Table 5) . A band of conidia formed every 24 h. At the end of 6 d, the growth tube cultures had a series of six evenly spaced bands about 1 1 mm wide consisting of aerial hyphae and conidia that were separated by 11 mm regions on non-conidiating mycelia.
The phase of the conidiation rhythm was sensitive to light. Growth tube cultures that were exposed to laboratory fluorescent light for 6 h conidiated almost exactly 12 h out of phase with cultures that were exposed to light for 18 h ( Table 5 ). The bd mutant, which is known to express a circadian conidiation rhythm (Sargent et al., 1966; Feldman & Hoyle, 1974) , was used as a control in these experiments. The period length and the sensitivity to light of both bd and moe-3 mutants were very similar ( Table 5) . Thus the conidiation rhythm in the moe-3 mutant had two properties consistent with a circadian rhythm, a period of about 24 h and sensitivity to light.
Mapping and hetero karyon complementation
The temperature-sensitive mutant allele was mapped on the right arm of linkage group IV about 20 centimorgans proximal to pan-1 (Table 6 ). Wild-type progeny that did not conidiate rhythmically were obtained from a cross between bd and moe-3 mutants ( Table 6 ). The moe-3 mutation was roughly 18 centimorgans from bd. The temperature-sensitive mutant strain was difficult to map more accurately because ascospores containing the mutant allele germinated + 12 * The phenotype of the moe-3 x bd double mutant is not known. The map distance was estimated from the number of wild-type recombinants (10) out of the total of non-temperature-sensitive progeny (56). Table 7 .
Heterokaryon complementation
The heterokaryons were prepared by mixing conidia from the appropriate strains on the surface of minimal glucose agar slants. Petri dish cultures (150 mm plates) containing 50 ml of maltose agar medium (supplemented with arginine or inositol, when necessary) were overlaid with dialysis membrane and inoculated with a ball of mycelia near the edge of the plate. The cultures were incubated in the dark at 21 OC or 34 OC. The radial growth rate of the mycelia on the surface of the dialysis membrane was poorly. Additional studies on moe-3 ascospore germination were not done because of their poor viability (most of the germinating ascospores would be those with the wild-type allele) and because self-crosses of the temperature-sensitive mutant strain did not produce any ascospores. Both the temperature-sensitive growth of the moe-3 mutant and its ability to conidiate rhythmically were recessive in forced heterokaryons ( Table 7) . Two heterokaryons were constructed and both grew faster at 34 O C than at 22 OC on the surface of dialysis membrane and neither conidiated rhythmically at 22 OC when grown in the dark. One of these heterokaryons was constructed with moe-3 and bd mutant strains. Since this heterokaryon did not conidiate rhythmically, and wild-type progeny were obtained from a cross of bd and Table 8 . Growth rates and banding characteristics of revertants of the moe-3 mutant strain
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Revertants of the temperature-sensitive properties of the triple mutant moe-3 al-2 nic-3 were isolated as described in the Methods. Radial growth rates were measured on 150 mm Petri dish cultures containing 50 ml of maltose agar medium supplemented with arginine and nicotinic acid that had been overlaid with dialysis membrane. The cultures were inoculated with a ball of mycelia on the dialysis membrane near the edge of the plate. The cultures grown at 21 OC were incubated in the dark and were examined under a red safe-light. The presence (+ + +) or absence (-) moe-3 mutants, we concluded that these mutations were recessive to the wild-type alleles and that they were not allelic.
Isolation and characterization of revertants Revertants of the temperature-sensitive mutation in the moe-3 mutant were isolated as described in the Methods using the triple mutant (moe-3 al-2 nic-3) to prevent the chance isolation of a contaminant. Each of the potential revertants was vegetatively purified three times on sorbose medium at 34 O C . Some revertant strains were discarded because they showed traces of orange colour or grew slightly without nicotinic acid. All revertant strains that were retained grew faster than the parental strain on dialysis membrane at 34 O C ( Table  8 ). The wide range of growth rates indicates that either some of these strains were partial revertants or they were heterokaryons with a high proportion of parental nuclei. Only one of the revertant strains, R1, expressed a conidiation rhythm. Presumably, this strain was a partial revertant that improved growth on dialysis membrane at 34 OC but did not prevent the expression of the conidiation rhythm. Thus, the ability of the moe-3 mutant to conidiate rhythmically usually reverted simultaneously with the loss of its temperature-sensitive growth properties. This suggests that these properties of the moe-3 mutant were probably the results of a single mutation.
D I S C U S S I O N
Vegetative growth of the temperature-sensitive mutant, moe-3, was severely inhibited by conditions that did not block conidiation or conidial germination. Both hyphal growth rates and mycelial morphology were altered when the moe-3 mutant was grown on dialysis membrane at 34 OC (Fig. 1) . Under these conditions, conidiation could still occur and conidia could germinate. Thus, of the three phases of the asexual cycle -conidial germination, vegetative growth and conidiation -this mutation affected only vegetative growth.
Many of the properties of the moe-3 mutant indicate that its primary defect alters the structure of its membranes. The in1 mutant, which required inositol for phospholipid biosynthesis (Beadle, 1944) , has several properties in common with the moe-3 mutant. The in1 mutant grew with colonial morphology on agar medium when supplemented with low levels of inositol (Fuller & Tatum, 1956) . The moe-3 mutant grew colonially on dialysis membrane at 34 O C (Fig. 1) . The mutation in the inositol-requiring strains was lethal when conidia from strains with no other genetic defects were incubated without inositol (Lester & Gross, 1959) . The defect in the moe-3 mutant was lethal when conidia were incubated at low cell densities in liquid medium at 34 OC ( Table 3) . Conidia from the in1 mutant were able to produce short germ tubes before growth stopped when they were incubated without inositol (J. C. Schmit, unpublished) . Conidia from the moe-3 mutant were able to form germ tubes that were unable to continue to elongate at 34 O C on dialysis membrane (Fig. 3) . In addition, Charlang & Williams (1977) suggested that the moe-3 mutant might have a defective plasma membrane because its conidia lost siderophores more easily than conidia from wild-type strains. Also, the expression of the circadian conidiation rhythm in the moe-3 mutant could be the result of changes in membrane structure. Thus, reduced growth rates, colonial morphology, lethality, inhibition of germ tube elongation, release of siderophores and expression of the circadian conidiation rhythm could all be the physiological consequences of a temperature-sensitive defect in membrane biosynthesis.
The growth of the vegetative hyphae of the moe-3 mutant was temperature-sensitive under two conditions: when the hyphae grew on the surface of agar medium (Fig. 1) and when low cell concentrations were used to inoculate liquid medium (Fig. 2) . These two properties could be distinguished by their response to histidine. Histidine enhanced growth at low cell densities in liquid medium but did not prevent altered growth morphology on dialysis membrane. The requirement for high cell concentrations for rapid growth in liquid medium could be due, at least in part, to the loss of siderophores from the plasma membrane of this mutant strain (Charlang & Williams, 1977) . Iron transport mediated by siderophores was required for N. crussa conidial germination (Horowitz et al., 19 76) . Adding siderophores to the germination medium enhanced the growth rate of the moe-3 mutant (Charlang & Williams, 1977) . One possibility is that histidine enhanced the transport of iron.
Morphological growth on dialysis membrane at 34 OC indicated that either a component of the air was inhibitory or a volatile component required for vegetative growth was lost under these conditions. The addition of bicarbonate to the growth medium or growth in a chamber containing 5 % (v/v) CO, did not improve hyphal growth rates or morphology. At this time, we do not know why the combination of 34 OC and surface growth inhibited vegetative hyphal growth in this mutant strain.
All of the properties of this mutant strain including its ability to express the endogenous circadian conidiation rhythm at 21 O C were apparently the result of a single mutation. Revertants that had lost both the temperature-sensitive defect and the ability to conidiate rhythmically were isolated at a frequency of about 1 in 5 x
The mutation was mapped on linkage group IV at a site distinct from other mutations in N. crussu that allowed the expression of the circadian conidiation rhythm. All of the abnormal properties of the moe-3 mutant were recessive to the wild-type allele in forced heterokaryons. We conclude that this mutation affected the production of some component that was required for normal growth of vegetative hyphae on the surface of agar medium.
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